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I BAB  
NAULUHADNEP  
1.1  eB rataL gnakal  
 S  ayngnitnep naka iradaynem gnay kaynab hadus takaraysam ini taa
 utiay awij isnarusa  ignarugnem kutnu aisunam nakukalid gnay ayapu utaus
 naigurek kapmad snanif  naknigniid kadit gnay awitsirep aynidajret tabika lai
 itrepes nial nad ,anacneb ,naakalecek ,ainud laggninem aynlah - .nial   aynrasad adaP
 malaD .aynidajret naka napak iuhatekid tapad kadit gnaroeses aynlaggninem
.kaca habuep utaus nakapurem ini gnaroeses aynlaggninem utkaw ,awij isnarusa  .
ed ilebid asib awij isnarusA gn  ,imerp narayabmep halmujes na  imerp aynlasim
 naka ini imerP .nuhat paites amas gnay aynnarayabmep raseb nagned nanuhat
esep helo nakrayabid  aynkartnok sinej nagned iauses alakreb araces isnarusa atr
 anerak uata ainud laggninem ai alibapa itnehret naka nad  hadus isnarusa kartnok
.iaseles   
 wij isnarusa kartnok/silop nakrasadreB a  sinej tapme idajnem igabid
 awij isnarusa ,akgnajreb awij isnarusa ,pudih rumues awij isnarusa utiay isnarusa
sinej aratnaiD .anugiwd awij isnarusa nad ,inrum anugiwd - j isnarusa sinej  awi
 anerak akgnajreb awij isnarusa hilimem isnarusa atresep nakaynabek ,tubesret
 isnarusa nagned nakgnidnabid harum/hadner gnilap akgnajreb awij isnarusa imerp
 isarud nad iggnit pukuc aynnagnuggnatrep ianut gnau ialin ,numaN .aynnial awij
asib nagnudnilrep   .nahutubek nagned iauses  
 ,imatuF( 3991  gnay gnau halmujes halada imerp awhab nakataynem )
 halet gnay kartnok nagned iauses naahasurep adapek atresep nakrayabid bijaw
 imerp nagnutihrep utiay aud idajnem nakadebid imerp nagnutihreP .itakapesid
rep nad rotok  nagnutihrep halada hisreb imerp nagnutihreP .hisreb imerp nagnutih
 nakgnades ,naahasurep nakraulekid gnay ayaib takgnit nakiabagnem gnay imerp
 ayaib takgnit naktabilem gnay imerp nagnutihrep halada rotok imerp nagnutihrep
S .naahasuep helo nakraulekid gnay  halada imerp narayabmep taafnam utas hala
 ulrep naahasurep ,uti kutnU .nagnuggnatrep gnau narayabmep napaisrep iagabes
 .imerp nagnadac nagned tubesid gnay nagnadac anad nakpaiynem  
I-2 
 
 iagabes naahasurep nupmihid gnay gnau halmujes halada imerp nagnadaC
aisrep .agudret kadit gnay mialk nap   hisiles irad lasareb tubesret imerp nagnadaC
 nagnadac ,aynduskaM .aynnagnuggnatrep ianut ialin gnau nad imerp ianut ialin
nad halada imerp a imerp ianut ialin nagned nakhabmatid akij gnay   gnay asamid
agned amas naka gnatad naka  gnay asamid aynnagnuggnatrep gnau ianut ialin n
.gnatad naka  ayaib nakhutubmem isnarusa naahasurep aynnaataynek adaP
 imerp nagnadac nagnutihrep ,uti anerak helO .isareporeb tapad raga nemejanem
ihrep malad naahasurep lanoisarepo ayaib nakatrestukignem ulrep  .aynnagnut
M  nagnadac nagnutihrep edotem nakanugid tapad imerp nagnadac gnutihgne
 rotok imerp nagnutihrep edotem utas halaS .rotok imerp nagnutihrep nagned
 edotem halada  ycneiciffus muimerp .)4991,imatuF malad renkcoH .G(   
 P  utuP iN aynmulebes naitilene  nakukalem halet ,)6102( irasatamreP hariM
 imerp nagnadac nagnutihrep  pudih rumues awij isnarusa adap  efil tnioj  nagned
 edotem nakanuggnem ycneiciffus muimerp  .  naidumeK  gnay naitilenep adap
 ,)4102( rageris helo nakukalid nugiwd isnarusa a efil tnioj   sutats l rovivrus tsa  
 edotem nagned ycneiciffus muimerp   pudih rumues awij isnarusa adap .efil tnioj  
uti aratnemeS ,  imerp nagnadac nagnutihrep gnatnet itilenem kutnu kiratret silunep
 edotem nakanuggnem akgnajreb awij isnarusa adap nanuhat ycneiciffus muimerp  .
k helO  malad ,aynanera naitilenep   sahabid ini ”  imerP nagnadaC nautneneP
M nakanuggneM  edote S muimerP ycneiciffu  J isnarusA adap akgnajreb awi ’’ . 
 
2.1  halasaM nasumuR  
 am nasumur akam nakiaruid halet gnay gnakaleb ratal nakrasadreB  halas
 halada ini naitilenep adap B“  adap imerp nagnadac nakutnenem arac anamiaga
akgnajreb awij isnarusa   edotem nakanuggnem nagned ycneiciffus muimerp .”?  
 
3.1  naitileneP naujuT  
  naitilenep naujut akam ,naksalejid halet gnay nahalasamrep nakrasadreB
 nagnadac aynraseb iuhategnem kutnu halada ini p  imer akgnajreb awij isnarusa  





4.1  halasaM nasataB  
 nasatab nakulrepid akam ini naitilenep irad naujut iapacnem kutnU -
 irad gnapmiynem kadit raga halasam nasatab  akaM .nakanacnerid halet gnay lisah
nasatab -  nasatab  utiay ini naitilenep adap halasam  
.1  D awij isnarusa atad halada nakanugid gnay ata  akgnajreb   
.2   nakanugid gnay isnarusa ataD   nagned akgnajreb awij isnarusa atad utiay
 amales nagnuggnatrep asam 1  0  .nuhat  
 
5.1  naitileneP taafnaM  
  irad helorepid gnay taafnaM :halada ini naitilenep  
.1  ini naitileneP   sitiroet nauhategnep nakisakilpagnem kutnu taafnamreb
 gnay ketkarp nakukalem nagned nahayilukrep ukgnab irad helorepid gnay
.aynranebes  
.2   igab aynsusuk awij isnarusa atresep igab isamrofni nahab iagabeS  atresep
 isnarusa  hibel gnay anam iuhategnem tapad nad akgnajreb awij
.nakgnutnugnem  
.3   naitilenep nakukalem nigni gnay awsisaham kutnu isnerefer nahab iagabeS
akgnajreb awij isnarusa adap . 
 
6.1  nasiluneP akitametsiS  
 ini naitilinep adap nakanugid gnay akitametsiS  bab 5 tapadret  :utiay  
I BAB  NAULUHADNEP  
 nahalasamrep ianegnem raseb sirag araces narabmag isireb ini baB
 ,gnakaleb ratal itrepes ini lasoporp nasilunep malad sahabid naka gnay
sam nasumur a  taafnam ,halasam nasatab ,naitilenep naujut ,hal





 II BAB  IROET NASADNAL  
iroet nasahabmep gnatnet isireb ini baB -  gnay nauca  iagabes rasad  iroet
.sahabid gnay halasam gnukudnem gnay nad halasam malad nakanugid  
 III BAB  NAITILENEP IGOLODOTEM  
 ini baB hakgnal gnatnet isireb -  gnay hakgnal eleynep malad nakanugid -
.ini naitilenep adap naujut iapacret aggnih nahalasamrep naias  
 VI BAB  NASAHABMEP NAD LISAH  
 sesorp nakrapamem nad  nakiarugnem naka silunep akam ini bab adaP
ep - .aynnagnutihrep susak hotnoc nad nagnadac ledom nautnen  
 V BAB  PUTUNEP  






II BAB  
IROET NASADNAL  
 
  lasoporp nanusuynep malad nakanug silunep gnay iroet nasadnal nupadA
:tukireb iagabes halada ini rihka sagut  
1.2  awiJ isnarusA  
  ,gniribmeS( turuneM  gnires gnay halitsi nakapurem isnarusa ,)6891
 atak irad lasareb isnarusA .imonoke gnadib malad ragnedid  ecnarussa  uata
ecnarusni   gnadnap tudus irad tahiliD .nanimaj uata nagnuggnatrep itrareb gnay
 nakgnutihrepmem malad akitametam isakilpa nakapurem isnarusa ,akitametam
 gnadib itupilem isnarusa ahasu gnadiB .okiser nagnuggnatrep hadeaf nad ayaib
 gnadib nad gnaro sata isnarusa ahasu  sata ahasu gnadiB .atrah sata isnarusa ahasu
( gnaro  )ecnarusni lanosrep  natiakreb gnay isnarusa ahasu gnadib nakapurem
 ini lah malad nakgnabmitrepid gnay okiser aparebeB .udividni nagned gnusnal
rak atres naruggnagnep ,tikas nad naakalecek ,naitamek halada  aut rumu ane
 gnadib nakapurem atrah sata isnarusa ahasu gnadib nakgnadeS .)4102 ,itawansirT(
 nakrucnahgnem tapad gnay okiser aparebeb adap nakujutid gnay isnarusa ahasu
 tapad duskamid gnay itreporP .naayakek atrah uata itreporp macnagnem uata
gnarab apureb - nial nad naahasurep ,naaradnek ,hamur itrepes agrahreb gnarab -
.nial  
  isnarusA  naijnajrep nakapurem awij gnaro halmujes irad natakapesek  
 utas halas adap habisum idajret alib nagnauek okiser irad natilusek lukimem kutnu
snagnem gnay gnaro paiteS .aynatoggna  aynawij nakisnaru  naahasurep utaus adap
b isnarusa  nagned aynirid aratna silutret naijnajrep adap takapes halet itrare
 gnay isnarusa utaus nakapurem aguj awij isnarusA .isnarusa naahasurep
uggnatret naitamek sata utnetret gnau halmujes narayabmep nakirebmem gn  
 gnau halmujes ,isnarusa silop malad nautnetek nagned iauses siraw ilha adapek
 .)7991 ,srewoB( nagnuggnatrep gnau apureb gnuggnatret adapek nakrayabid gnay  
 uata awij apureb nagnuggnatrep kejbo nagned isnarusa nakapureM






 nagned nagnudnilrep nakirebmem naujutreb awij isnarusA .naakalecek
 naigurek gnuggnanem  gnaroeses aynlaggninem nakanerakid agudret kat laisnanfi
bid asib ini nanimaJ .amal ulalret aynpudih uata tapec ulalret  alibapa nakire
abit araces uata aynutkaw mulebes laggninem gnaroeses -  aynada nagneD .abit
 ini nanimaJ .agajret patet naklaggnitid gnay agraulek napudihek ,tubesret nanimaj
 kadit nad aynnuisnep asam iapacnem halet gnaroeses alibapa nakirebid asib aguj
m igal kana halokes nad pudih iayaibmem uata hakfan iracnem upma - .aynkana  
 nagned nahabmat taafnam aparebeb nagned saulrepid tapad awij isnarusA
 naitnaggnep naktapadnem :nial aratna uti nahabmanep ,imerp ialin nahabmanep
 naitnaggnep naktapadnem ,naakalecek anerak  ,natabognep /natawarep anerak
 iauses sitirk tikaynep gnaresret akitek nagnauek nagnudnilrep naktapadnem
 nasabebek nad ,nanalub nanutnas naktapadnem ,silop adap nautnetek nagned
 ainud laggninem gnuggnatret taas silop nautnetek nagned iauses imerp rayabmem
a .patet tacac imalagnem uat  
 ,irid hunub helo nakbabesid gnay okisir nimajnem kadit ini isnarusA
 nataigek ,mukuh raggnalem gnay nataubrep nakukalem ,nalidagnep itam namukuh
 silop nautnetek nagned iauses aynnial babes iagabreb nad mertske iboh /agar halo
gnay  .ukalreb  
 utiay macam agit idajnem igabid aynnahutubek turunem awij isnarusA
 .pudih rumues isnarusa nad ,akgnajreb awij isnarusa ,anugiwD awij isnarusa
 awij isnarusA ( tnemwodnE  gnay awij isnarusa irad sinej utaus halada )
akirebmem  ,sugilakes nagnutnuek 2 n ( akgnajreB awiJ isnarusA  mreT  efiL
ecnarusnI halada )   gnagemep padahret nanimaj nakirebmem gnay isnarusa kudorp
utnetret utkaw akgnaj malad silop  nakgnades ,  pudiH rumueS awiJ isnarusA
( ecnarusnI efiL elohW nay nenamreP awiJ isnarusA rasad sinej utas halada )  g
.gnaroeses kutnu pudih rumues isnarusa isketorp nakirebmem  
 
2.2  akgnajreB awiJ isnarusA  
 akgnajreb awij isnarusA (  mreT  efiL ecnarusnI )  nagnudnilrep nakapurem





 kartnok amales naitamek okiser idajret alibapa ,utnetret utkaw akgnaj amales
 gnau halmujes nakrayabmem naka isnarusa kahip akam ,gnusnalreb isnarusa
nagnuggnatrep  
 utas amales nagnuggnatrep nakirebmem akgnajreb awij isnarusa kudorP
nay utnetret utkaw akgnaj ( silop utkaw akgnaj tubesid g mret ycilop  taafnaM .)
 utkaw akgnaj malad laggninem gnuggnatret alibapa aynah nakrayabid tapad silop
( ukalreb hisam silop nad ,silop ecrofni  akiJ .ainud laggninem gnuggnatret akitek )
p aynrihkareb iapmas pudih hisam gnuggnatret  kah nakirebmem tubesret silop ,silo
 akiJ .awij isnarusa nagnuggnatrep naktujnalem kutnu silop gnagemep adapek
 akam ,uti nagnuggnatrep naktujnalem kadit silop gnagemep p  nad rihkareb silo
 nagnuggnatrep nakirebmem kutnu nabijawekreb kadit isnarusa naahasurep
 .ayntujnales  
 nagned silop utas aratna adebreb nagnuggnatrep utkaw akgnaj aynamaL
 kutnu nakulrepid gnay utkaw takgnises tapad utkaw akgnaJ .nial gnay silop
 adap gnuggnatret aisu amales uata aradu tawasep nagned nanalajrep nakukalem
silop utkaw akgnaj rihka  gnay akgnajreb awij isnarusa silop ,aynlasiM .
 aggnih utkaw akgnaj“ tubesid nuhat 56 aisu aggnih nagnuggnatrep nakirebmem
( ”nuhat 56 aisu ega ot mret  .)56  
sineJ - akgnajreB awiJ isnarusA nagnuggnatreP sinej  
.1  T nagnuggnatreP gnaU nagned akgnajreB awiJ isnarusA ( pate  mreT leveL
ecnarusnI efiL .)  
.2   nuruneM nagnuggnatreP gnaU nagned akgnajreB awiJ isnarusA
( ecnarusnI efiL mreT gnisaerceD ) 
.a  ( ketopiH iguR itnaG isnarusA ecnarusnI noitpmedeR egagtroM  gnay )
 laggninem gnuggnatret akij taafnam nakirebmem kutnu gnacnarid
inud  sata gnaturet gnay nurunem halmuj nagned iauses ialin nagned ,a
opih namajnip  hamuR nakilimeP tiderK uata ket – ( RPK  egagtrom
naol .)  
.b  ( tiderK awiJ isnarusA ecnarusnI efiL tiderC  kutnu gnacnarid gnay )
ajnimep kahip akij opmet hutaj gnay namajnip asis rayabmem  m





.c  ( agrauleK nalisahgneP nagnuggnatreP egarevoC emocnI ylimaF  gnay ,)
 halet gnay nanalub nalisahgnep taafnam nakirebmem kutnu gnacnarid
 iapmas pudih hisam gnay gnuggnatret nagnasap adapek nakpatetid
 rihka  silop nagnuggnatrep taas adap nakpatetid gnay utkaw akgnaj
 amales ainud laggninem tubesret gnuggnatret alibapa ,ilebid tubesret
silop nagnuggnatrep utkaw akgnaj  
.3   takgnineM nagnuggnatreP gnaU nagned akgnajreB awiJ isnarusA
(I ecnarusnI efiL mreT gnisaercn  .)  nakirebmem ini nagnuggnatrep sineJ
 takgninem nad ialin utaus adap ialumid gnay naitamek taafnam utaus
 nakpatetid halet gnay lavretni adap utnetret esatnesrep uata ialin nagned
 aguj aynasaib ini isnarusa silop kutnu imerP .silop utkaw akgnaj amales
akgninem .nagnuggnatrep ialin ayntakgninem nagned nalajes t  
 
3.2   laggnineM gnauleP nad pudiH gnauleP  
 ,noskciD( turuneM  malad rasad nakapurem lavivrus isgnuf )9002
 naklasiM .laggninem gnaulep nad pudih gnaulep nakutnenem x  aisu nakapurem
ned ,pudih hisam gnay gnaroeses  nag
 
𝑥 � 0  nagned , 𝑡  gnauleP .nuhat nakapurem
 aisureb gnay gnaroeses pudih 𝑥   aggnih 𝑡   nakisatonid tapad tapad nuhat
nagned  𝑡𝑝𝑥  aisureb gnay gnaroeses pudih gnaulep naamasrep kutnu aggniheS . 𝑥 
 aggnih 𝑡 :nakataynid tapad nuhat  
 𝑡𝑝𝑥 � 1 �  𝑡𝑞𝑥 )1.2(  
iuhatekiD   𝑡𝑞𝑥   aisureb gnay gnaroeses laggninem gnaulep nakapurem 𝑥 
 aggnih 𝑡 :nakataynid tapad laggninem gnaulep aggniheS .nuhat  
 𝑡𝑞𝑥 � 1 �  𝑡𝑝𝑥 )2.2(  
 irad atad nakrasadreb nususid gnay lebat nakapurem atilatrom lebaT
p idajnem gnay gnaro kopmolekes  isireb amas gnay isidnok nagned isnarusa atrese
 nad pudih gnaulep irad ialiN .tubesret gnaro kopmolekes irad napudihek tayawir
 adap ada gnay atad nakanuggnem nagned nakutnetid tapad ini laggninem gnaulep





 aisureb gnaroeses pudih gnauleP
 
𝑥  aggnih 𝑡  nagned nakutnetid tapad nuhat
 rumureb gnay gnaro halmuj iuhategnem 𝑥   nakisatonid ,pudih gnay 𝑙𝑥   nad 𝑙𝑥+1 
 aisureb pudih gnay gnaro irad halmuj nakapurem 𝑥  aggnih 𝑡  gnaulep akam ,nuhat
 aisureb gnay awij isnarusa atresep pudih 𝑥   aggnih pudih nahatreb 𝑡  uhat  ini n
 ,imatuF( helo nakataynid :nagned )3991  
 𝑡𝑝𝑥 �  
𝑙𝑥+𝑡
𝑙𝑥
   )3.2(  
nad  
 𝑡𝑞𝑥 �  
𝑙𝑥−𝑙𝑥+𝑡
𝑙𝑥
  4.2( ) 
 aisureb gnay gnaroeses akiJ 𝑥  aisu iapacnem pudih nahatreb nuhat 𝑥 � 𝑡 �
1  aynhalmuj nagned 𝑙𝑥+𝑡+1 :utiay aynpudih gnaulep aggnihes  
 𝑡+1𝑝𝑥 �  
𝑙𝑥+𝑡+1
𝑙𝑥
  5.2( ) 
eS aggnih   aisureb gnay gnaro irad itam gnay gnaro halmuj 𝑥  aggnih 𝑡  nuhat
:tukireb iagabes naaamasrep nagned gnutihid tapad  
𝑑𝑥 � 𝑙𝑥 � 𝑙𝑥+𝑡 
 aisureb gnay awij isnarusa atreseP 𝑥   pudih nahatreb patet hisam nuhat
 aggnih 𝑥 � 1  malad laggninem numan ,nuhat 1   mulebes uata ayntukireb nuhat
 aisu iapacnem 𝑥 � 𝑡 � 1   nakamanid naikimed lah airautka malad ,nuhat
.adnutret laggninem  
 𝑡𝑝𝑥  aisureb awij isnarusa atresep gnaulep nakataynem 𝑥 at  patet hisam nuh
 aggnih pudih nahatreb 𝑡   ,gnatad naka gnay nuhat  𝑡+1𝑝𝑥   gnaulep nakataynem
 aisureb awij isnarusa atresep 𝑥  malad pudih hisam nuhat 𝑥 � 𝑡 � 1  gnauleP .nuhat
 adnutret laggninem  𝑡|𝑞𝑥 :halada  
 𝑡|𝑞𝑥 �   𝑡𝑝𝑥 �  𝑡+1𝑝𝑥   6.2( ) 







+ = 7.2( ) 
leS P nakisutisbusnem nagned aynujna e P nad )3.2( naamasr 7.2( naamasre  )

















txtxtx dll ++++ =− 1  )9.2(  






          
)01.2(
 












++= . ’  
 nagned nakataynid tapad aguj adnutret laggninem gnaulep aggniheS
naamasrep nakanuggnem  
txxtxt qpq += .  )11.2(  
 
 4.2  T noksiD rotkaF nad agnuB takgni
 
 agnuB .isnarusa imerp nakutnenem huragnepreb tagnas agnub takgniT
 nup imerp narayabmepid anerak ,naahasurep nagnutnuek irad naigab nakapurem
 imerp nakuteneM .gnutihid aguj tuki agnub rusnu ij isnarusa laggnut w  nad a
 agnub takgniT .nakulrepid tagnad aguj agnub pesnok ,pudih satiuna nakutnenem
 gnay ledom padahret helorepid gnay aratna nagnidnabrep nakapurem
 nagned naklobmisid gnay ,nakisatsevniid
 
𝑖  .  
krasadreb aynah gnay agnub nagnutihrep araC  kokop nagnidnabrep adap na
agnub uata anahredes agnub nagned nakamanid aynisatsevni akgnaj nad   ,laggnut
skamid gnay nakgnades  nagnutihrep utaus halada kumejam agnub nagned du
 aynmulebes kokop raseb halada ayntujnales akgnaj kokop raseb anamid agnub
habmatid  .helorepid gnay agnub raseb nagned   nakanugid gnay agnub takgnit naD





3991( )imatuF( nakisinifednem )   kumejam agnub  isgnuf  
 
𝑣  aguj tubesid uata
kaf nagned  noksid rot tukireb iagabes : 
𝑣 � 1
1+𝑖
 .2( 12) 
 
 5.2  pudiH satiunA   nad K isgnuF isatumo  
lavretni adap nakrayabid gnay narayabmep natetner halada satiunA - retni  lav
 ,nidurdaB( amas gnay utkaw  akgnaj lawaid nakrayabid gnay satiunA .)7991
 akgnaj rihkaid alib nakgnades lawa satiuna tubesid satiuna narayabmep utkaw
uina tubesid utkaw hka sat  ,imatuF( turunem nakgnadeS .ri  halada satiuna )3991
muj malad narayabmep utaus es nakukalid gnay ,utnetret hal  nad utkaw gnales pait
 utiay macam aud ada pudih satiuna malaD .natujnalekreb araces utnetret amal
 nad itsap satiuna y satiunA .pudih satiuna sap gna  akgnaj malad amales nakukalid it
gnay narayabmep nakgnades naD .itsap satiuna tubesid narayabmep   nakukalid
itam pudih gnutnagret eses ayn -  gnaro  ,imatuF( pudih satiuna tubesid  .)3991  
mues satiuna utiay aud idajnem igabret iridnes pudih satiunA udih ru  nad p
 .akgnajreb satiuna  gnay satiuna utaus halada pudih rumues satiunA
 satiuna nakgnades ,pudih hisam gnuggnatret amales nakukalid aynnarayabmep
 utaus adap nakukalid gnay aynnarayabmep anamid satiuna utaus halada akgnajreb
.utnetret akgnaj  
 airautka malaD  nakukalem malad isatumok isgnuf utaus lanekid
nagnutihrep -  .nagnadac nad imerp ,satiuna nagnutihrep itrepes airauka nagnutihrep
ialin halada isatumok isgnuF -  naknahredeynem kutnu taubid gnay ialin
lobmiS .atilatrom elbat adap nagnutihrep - alad ada gnay lobmis  isatumok isgnuf m
id iS .isatumok lobmys nagned tubes  halada nakanugid naka gnay lobm D  , N  , C 
 nad  .M  aliB x  aisureb awij isnarusa atresep aisu nakataynem x  , v  nakataynem
 ,noksid rotkaf lx  aisureb gnay awij isnarusa atresep aynkaynab nakataynem x  , dx 
kataynem  aisu adap laggninem gnay gnaro halmuj na x  iapmas 1+x  ,nuhat  D  x
1 rasebes nagnuggnatrep gnau narayabmep irad gnarakes ialin nakataynem  ,   nad





 kaynabes laggninem gnay halmuj nagned amatrep silop nuhat adap dx  ,  isgnuf
 :nagned nakataynid isatumok  
.1  x
x
x lvD =   31.2( ) 




1+=   51.2( ) 
.4  ...21 +++= ++ xxxx CCCM   61.2( ) 
 akam ,edoirep lawa adap ialumid narayabmep akgnajreb lawa pudih satiunA
 aggnih nuhat paites nakukalid narayabmep
 
�𝑛 � 1�   itnehret naka nad nuhat
ek nuhat mulebes ainud laggninem gnuggnatret alibapa - (𝑛 � 1) iuhatekiD .  xt p
 gnay awij isnusa atresep pudih gnaulep nakataynem  aisureb 𝑥   nahatreb nuhat
 aggnih pudih 𝑡 nuhat  , v kaf nakataynem  .narayabmep nautas 1 irad noksid rot  ialiN
:nagned nakataynid nagnarorep akgnajreb lawa pudih satiuna ianut  
?̈?𝑥:𝑛�| � ∑ 𝑣𝑡 𝑛−1𝑡=0  𝑡𝑝𝑥  71.2( ) 
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 1.2( )9  















aggniheS  P nakrasadreb 31.2( naamasre  ) nad  P 41.2( naamasre  )  pudih satiuna









2.2( )0  
 nagnuggnatrep akgnaj kutnU
 
𝑛 � 𝑡  awij isnarusa atresep aisu nad nuhat 𝑥 �














 6.2  nanuhaT imerP nad laggnuT imerP  
 iagabes aynnalub paites nakrayabid gnay gnau halmujes halada imerP
 sata imerp aynraseB .isnarusa id aynnaatrestukiek sata gnuggnatret irad nabijawek
 naahasurep helo nakpatetid halet nakrayabid surah gnay isnarusa id naatrestukiek
itahrepmem nagned isnarusa naadaek nak -  .gnuggnatret irad naadaek  
 iridnes imerP ib sa p utiay aud idajnem nakadebid er ( hisreb im otteN imerP  )
( rotok imerp nad imerP ssorG  aynnagnutihrep gnay imerp halada hisreb imerP .)
tihrep aynduskaM .naahasurep nemejanem ayaib nagned habmatid kadit  nagnu
 nad atilatrom takgnit naarikrep halada nakanugrepid gnay ini hisreb imerp
 imerp akiJ .nakanugrepid kadit ayaib takgnit nakgnades ,agnub takgnit naarikrep
 ayaib nagned nakhabmatid halet silop gnagemep helo nakrayabid gnay imerp
am naahasurep nemejanem  .rotok imerp nagned tubesid ini imerp ak  
 gnagemep alibapa isnarusa utaus halada akgnajreb isnarusa laggnut imerP
 ,utnetret utkaw akgnaj nagned iapmas kartnok ayniujutesid irad ialum silop
d laggnut imerP .nagnuggnatrep gnau nakrayabid naka akam ,laggninem  ira
aisu kutnu akgnajreb isnarusa 𝑥  nagnuggnatrep akgnaj , n   gnau ,nuhat
isatonid tapad 1 nagnuggnatrep -  nagned nak A nx1:  
 naklasim ,)srewoB( turuneM  𝑣 af nakataynem  ,noksid rotk 𝑛  akgnaj w  utka
 ,nagnuggnatrep  𝑡𝑝𝑥  aisureb gnay awij isnarusa atresep pudih gnaulep nakataynem
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𝑥  aggnih pudih nahatreb nuhat 𝑡  nad ,nuhat  𝑡|𝑞𝑥  laggninem gnaulep nakataynem
:halada akgnajreb awij isnarusa laggnut imerp akam ,adnutret  
𝐴1𝑥:𝑛�| � ∑ 𝑣𝑡+1 𝑛−1𝑡=0  𝑡|𝑞𝑥  22.2( ) 








1 ... −++++=  32.2( ) 
2( naamasreP 2. 3 isatumok isgnuf nagned nakataynid aguj tapad )   utiay













































 isatumok isgnuF ek utkaw akgnaj amales nagnarorep  -n  ayntukireb nuhat







 52.2( ) 
...21 +++= ++++++ nxnxnxnx CCCM  62.2( ) 










.2( 72 ) 




+++−+++= +++++++ nxnxnxxxxnx CCCCCCA  
P nakrasadreb aggniheS 2( naamasre 61. 2( nad ) .27 narusa laggnut imerp ,)  is






 .2( 82 ) 
 amales nagnuggnatrep akgnaj kutnu ,satiuna nagned aynlah amaS 𝑛 � 𝑡   ,nuhat
 utiay awij isnarusa atresep aisu nad 𝑥 � 𝑡  nagned ,nuhat 0 � 𝑡 � 𝑛  imerp akam ,
:silutid tapad akgnajeb awij isnarusa laggnut  
 
 






  92.2( ) 
 imerP 2( naamasreP adap akgnajreb awij isnarusa laggnut . 82  ukalreb )
 gnay nagnuggnatrep gnau alibapA .nautas 1 rasebes nagnuggnatrep gnau kutnu
 rasebes isnarusa atresep naknigniid R  akam ,silop nuhat rihkaid nakrayabid
gnajreb awij isnarusa laggnut imerp aynraseb  idajnem ak 1
:nx
AR . 
 rayabid tapad aguj awij isnarusa imerp ,sugilakes nakrayabid tapad nialeS
 .utnetret edoirep paites narusgna araces  gnay imerp halada nanuhat imerP
amas asib aynraseb gnay nuhat lawa paitesid nakukalid aynnarayabmep   nupuata
habureb - .)3991( )imatuF( habu  lasiM  aisureb awij isnarusa atresep nak x  ,nuhat
 amales nagnuggnatrep akgnaj nagned n  ,nuhat  awij isnarusa nanuhat imerp
 agned nakisatonid akgnajreb 1
:nx
P  awij isnarusa nanuhat imerp aggniheS .













2( naamasreP 82.  nagned iapmas nakukalid imerp narayabmep akij ukalreb )
 rihka  amales( kartnok asam n  awij isnarusa nanuhat imerp nakgnadeS .)nuhat
 aisureb isnarusa atresep kutnu akgnajreb x  amales nakrayabid gnay nuhat nad m 
 nagned ,nuhat 𝑚 � 𝑛  akgnajreb awij isnarusa imerp aynraseb aggnihes ,











 13.2( ) 









 23.2( ) 
ed aggniheS P nakisutitsbusnem nagn  naamasre 2( 2. 8 P nad ) 2( naamasre 3. 2  )
2( naamasrepek . 13 ajreb awij isnarusa nanuhat imerp helorepid ,) n  gnay akg
:nagned nakataynid  
 
 
























  33.2( ) 
 naamasreP 2( 33.  nagnuggnatrep gnau nagned nanuhat imerp kutnu ukalreb )
 isnarusa atresep naknigniid gnay nagnuggnatrep gnau alibapA .nautas 1 rasebes
 nanuhat imerp aynraseb akam ,silop nuhat rihkaid nakrayabid gnay R rasebes





7.2  ( rotoK imerP imerP ssorG ) 
P  naahasurep adapek awij isnarusa atresep helo nakrayabid gnay imer
agned aynlah amaS .rotok imerp nakapurem isnarusa  rotok imerp ,hisreb imerp n
guj l gnay ialin ikilimem rotok imerp numaN ,satiuna nakapurem a  irad raseb hibe
 helo ihuragnepid ini rotok imerp napatenep nakanerakid ini laH .hisreb imerp
( ayaib rusnu gnidaol .)  
 ayaib nakhabmatid hisreb imerp nakapurem rotok imerP  gnidaol  ayaib utiay
 isnarusa silop urab naputunep (
 
𝛼)  imerp nalupmugnep ayaib , (𝛽)   ayaib nad
 imerp naarahilemep (𝛾  𝑛𝑎𝑑   𝛾ˈ)  hibel gnay ialin iklimem rotok imerp aggnihes ,
.hisreb imerp adap irad raseb  
 ,imatuF( adaP naklasiM ,)3991  𝐴1𝑥:𝑛�|   laggnut imerp nakapurem  isnarusa
akgnajreb awij  ?̈?𝑥:𝑛�|  nad  ?̈?𝑥:𝑚� |
 
gnisam -  lawa pudih satiuna nakataynem gnisam
 nad akgnajreb nxm p :
1   .akgnajreb awij isnarusa nanuhat hisreb imerp nakataynem
 akgnajreb awij isnarusa rotok imerP n  aisureb isnarusa atresep kutnu nuhat x 
 amales nanuhat imerp nagned ,nuhat m uhat  gnau kutnu lawaid nakrayabid gnay n
 nagned nakisatonid 1 rasebes nagnuggnatrep
1
























 .2( 43 ) 
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: nagned   
α   =  B  1 nagnuggnatrep gnau kutnu isnarusa silop urab naputunep ayai
 nautas
 β   =  B  nagnuggnatrep utkaw akgnaj gnajnapes imerp nalupmugnep ayai
tnu imerp  nautas 1 naggnugnatrep gnau ku  
γ   =  B ep asam malad naarahilemep ayai tnu imerp narayabm  gnau ku
.nautas 1 naggnugnatrep  
γ ′   =  B nu imerp narayabmep asam haletes naarahilemep ayai  gnau kut
.nautas 1 nagnuggnatrep  
 
8.2   imerP nagnadaC  
ay gnau aynraseb nakapurem imerp nagnadaC  naahasurep adap ada gn
narusa -  is  utaus tapadret awij isnarusa adaP .nagnuggnatrep utkaw akgnaj amales
 naahasurep nad isnarusa atresep kahip aratna )isnarusa silop( silutret naijnajrep
 awhab nakataynem gnay kartnok tapadret tubesret isnarusa silop iraD .isnarusa
kalem naka isnarusa atresep  rutaret araces utnetret narayabmep halmujes naku
asurep kahip adapek -  gnau rayabmem naka naahasurep naidumeK .isnarusa naah
 idajnem gnay akij isnarusa silop malad itakapesid halet gnay nagnuggnatrep
.ainud laggninem tubesret inarusa atresep  
 turuneM ,imatuF(   naka utnetret utkaw akgnaj malad nanuhat imerp ,)3991
 alup uti utkaw nad ,agnub irad helorepid gnay natapadnep naklisahgnem
lid narayabmep macam iagabreb nakuka   nad ianut ialin hisileS .isnarusa
.naahasurep igab nagnadac naklisahgnem gnay halini natapadnep   anad nahibeleK
 narayabmep napaisrep kutnu isnarusa naahasurep helo napmisid naka tubesret
.gnatad naka gnay asamid nagnuggnatrep gnau  
M  ,imatuF( turune  gnay gnau halmujes nakapurem imerp nagnadac )3991
pmihid u  ianut ialin aratna hisiles irad helorepid gnay isnarusa naahasurep helo n
 imerp nagnadac nagnutihreP .naraulegnep nad natapadnep  nagned helorepid tapad
 gnudnagnem kadit tubesret imerp aynitra ,hisreb imerp ismusa nakanuggnem
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janem ayaib itrepes ayaib rusnu  gnay nagnadac nagnutihreP .naahasurep neme
.hisreb imerp nagnadac nagned tubesid naikimed  
tapadreT   halet gnay utkaw nakrasadreb imerp nagnadac nagnutihrep arac 2
hrep halada fitkeportser nagnadaC .gnatad naka gnay utkaw nad ulal  nagnuti
dreb nagned nagnadac  iapmas ulal gnay utkawid natapadnep latot halmuj nakrasa
 nagned ignarukid nagnadac nagnutihrep nakukalid taas  naraulegnep halmuj
gnay utkawid   gnay nagnadac halada fitkepsorp nagnadac nakgnadeS .uapmal
 gnatad naka gnay utkawid naraulegnep adap isatneiroreb  naitregnep nagned uata
 aumes irad gnarakes ialin nakrasadreb nagned nagnadac nagnutihrep utiay nial
 latot gnarakes ialin nagned ignarukid gnatad naka gnay naraulegnep  natapadnep
.gnatad naka gnay utkawid  
 ,imatuF( adaP naklasim ,)3991  1
:nxm
P  imerp nakataynem  hisreb   nanuhat
narusa -  akgnajreb awij is  n   amales imerp narayabmep asam nagned nuhat  m
 nad ,nuhat  t   kutnu fitkepsorp nagnadaC .nagnadac agnutihrep utkaw nakataynem
uhat rihka adap nakrayabid nagnuggnatrep gnau nagned nanuhat hisreb imerp  n
nagned nakataynid silop  
tmtxnxmtntxnx
m







9.2  edoteM  nagnadaC  ycneiciffuS muimerP  
aleS edotem ianegnem sahabid ayntujn   ycneiciffus muimerp  nakapurem gnay
 edotem  .rotok imerp ismusa nakrasadreb isnarusa imerp nagnadac nagnutihrep
 nagnutihreP  gnay utkawid naraulegnep rasad nagned nakukalid tubesret nagnadac
 irad numan ,isnarusa naahasurep nemejanem ayaib nagned habmatid gnatad naka
 imerp naknialem ,hisreb imerp halnakub nakanugid gnay imerp natapadnep iges






𝑚  nagned ,  m  nakapurem
arayabmep amal nad imerp n   t .nagnadac nagnutihrep utkaw halada  
 turuneM  ,imatuF( )4991   naklasim 𝑛  aw akgnaj nakataynem  utk
nad ,isnarusa nagnuggnatrep
1
:nxm P   awij isnarusa rotok imerp nakapurem
 amales imerp narayabmep asam nagned akgnajreb m  nagnadaC .nuhat  muimerp
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ycneiciffus   akgnajreb awij isnarusa ek nuhat adap gnutihid gnay -  nagned ,t

















  63.2( ) 
 naidumeK P nakisutisbusnem nagned .2( naamasre 34 ek )  P 3.2( naamasre 6  )
 nagnadac helorepid ycneiciffus muimerp   gnutihid gnay akgnajreb awij isnarusa































































 3.2( 7) 













tneb malad ayntujnaleS P nakisutisbus akam ,isatumok ku .2( naamasre 02  ,)







































































































































































.2( 93 ) 
.2( naamasreP 37  akiJ .nautas 1 rasebes nagnuggnattrep gnau kutnu ukalreb )
 rasebes isnarusa atresep naknigniid gnay nagnuggnatrep gnau ,R   nagnadac akam






C  nagnada ycneiciffus muimerp   awij isnarusa ek nuhat adap -
 
𝑡  nagned mt ≥  










t aAV −+−+ ′+= γ  
04.2( ) 
 naamasreP 2( .39 ynid tapad isatumok isgnuf kutneb malad )  nagned nakata



























III BAB  
NAITILENEP IGOLODOTEM  
 
egnem kejbo libmagnem ini naitileneP  atad ian  awij isnarus atresep
 akgnajreb ,isnarusa atresep rihal nuhat atad apureb utiay   sinej ,kusam nuhat
,nagnuggnatrep asam ,nimalek  nagnuggnatrep gnau nad ,agnub takgnit ,  ayaib
naarahilemep ayaib nad naputunep  ,rednukes atad nakanuggnem ini naitileneP .
 gnay iroet irad isakilpa hotnoc iagabes aynah nakanugid gnay atad anamid
 ijugnem nagned nakukalid atad nagnabmegneP .ini iroet irad nakgnabmekid
 nakanugid gnay edotem nalisahrebek  imerp nagnadac raseb gnutihgnem kutnu
 edotem nakanuggnem nagned akgnajreb awij isnarusa nanuhat  muimerp
ycneiciffus . 
hakgnal nupadA -  isnarusa nanuhat imerp nagnadac gnutihgnem hakgnal
:halada akgnajreb  
.1   atad naklupmugneM akgnajreb awij isnarusa gnatnet  
.2  iuhategneM  pudih gnaulep   nad laggninem gnaulep  isnarusa atresep   awij
 akgnajreb  
.3   nakutneneM kaf noksid rot  
.4  kgnajreb lawa pudih satiuna ialin nakutneneM akgnajreb awij isnarusa a  
.5   laggnut imerp nakutneneM uhat imerp nad  akgnajreb awij isnarusa nan  
.6   nakutneneM ac  nagned akgnajreb awij isnarusa nanuhat imerp nagnad








































 1.3 rabmaG F igolodoteM trahcwol  naitileneP  
M  naklupmugne  awij isnarusa gnatnet atad
 akgnajreb  
 
neM iuhateg  pudih gnaulep   gnaulep nad
laggninem   awij isnarusa atresep  
 
noksid rotkaf nakutneneM  
 
 lawa pudih satiuna ialin nakutneneM
 akgnajreb awij isnarusa akgnajreb  
 
 nanuhat imerp nad laggnut imerp nakutneneM
 akgnajreb awij isnarusa  
 
 isnarusa nanuhat imerp nagnadac nakutneneM
 edotem nakanuggnem nagned akgnajreb awij
ycneiciffuS muimerP  
 
 iaseleS  
 ialuM  
 
V BAB  
PUTUNEP  
 
1.5   nalupmiseK  
 nakrasadreB  awhab ,nalupmisek helorepid akam nasahabmep  iracnem kutnu
 edotem nakanuggnem nagned imerp nagnadac ialin aynraseb ycneiffus muimerp  
:tukireb iagabes sumur nakanuggnem nagned gnutihid helorepid tapad  
.1   adaP  taas
 


































nakrasadreb aggniheS   naklupmisid aguj tapad naparenep susak hotnoc
 taas adap ycneiciffus muimerp edotem nagned imerp nagnadac awhab 𝑡 � 1  naka
 iapmas 𝑡 � 8  haletes ipatet ,nuhat natakgninep nagned lanoisoporp nagnadac ialin
𝑡 � 8  asam adap aggnih tabmalem ialum nagnadac ialin natakgninep
.0 ialinreb naka imerp nagnadac ialin iaseles nagnuggnatrep   
 
 2.5  naraS  
 adapek satabret aynah ini naitilenep naitilenep lisah nagned iauseS
 akgnajreb awij isnarusa imerp nagnadac nagnutihrep  edotem nakanuggnem
ycneiffus muimerp   gnatnet ijakgnem kutnu kiratret gnay itilenep igab aggnihes
inej nakanugnem tapad imerp nagnadac isnarusa itrepes nial isnarusa s   awij
inrum anugiwd awij isnarusa ,pudih rumues uata ,   nakanuggnem nagned aguj asib
isnarusa  nagnubag sutats awij  gnay edotem nakanuggnem alup tapad uti nialeS .
,naidanac edotem ,yesrej wen edotem ,relkcaf edotem itrepes nial   edotem sionilli  
 nakanuggnem aguj tapad atres yranimilerp lluf edotem . 
AKATSUP RATFAD  
 .ttibseN .J .C nad ,senoJ .A .D ,rebreG .U.H ,.L .N ,srewoB “  lairautcA
noitidE dnoceS scitamehtaM ”.  seirautcA fo yteicoS ehT :sionillI .7991 .  
 .inuyhaW ,atseD “ T imerP d akgnajreB awiJ isnarusA nanuha  ismusA nagne
nagnubaG sutatS kutnU magareS .” .4102  
 .hisgninaitsiluS ivE ,iwedahaytaS aveN .atsaL ,iweD “  imerP nagnadaC nauteneP
.remlliZ edoteM nagned anuG iwD awiJ isnarusA adap ”  lanruJ
 akitametaM 3961:NSSI .3102 teraM ,3 .oN 20 .loV - 3102 ,4931  
 .la te ,.M .C .D ,noskciD “ rof scitamehtaM lairautcA  sksiR tnegnitnoC efiL .” 
.9002 .kroY weN ,serP ytisrevinU egdirbmaC  
“ .T ,imatuF I naigaB awiJ isnarusA akitametaM  .otnailreH totaG nahamejreT ” .
 larutluC ecnarusnI efiL latneirO noitadnuoF detaroprocnI tibreneP
.3991 .napaJ ,retneC tnempoleveD  
“ .T ,imatuF I naigaB awiJ isnarusA akitametaM I  .otnailreH totaG nahamejreT ” .
 larutluC ecnarusnI efiL latneirO noitadnuoF detaroprocnI tibreneP
.3991 .napaJ ,retneC tnempoleveD  
 .rageriS aniloiT ,atteragraM “  pudiH rumueS awiJ isnarusA nanuhaT imerP
vioM eD mukuH nagned .er ” MF akitametaM nasuruJ 1S ispirkS  API
.uaiR satisrevinU  .urabnakeP  .6102  
 .iraS akitraK ,anadiW namoyN .hariM utuP iN ,irasatamreP “  nagnadaC nauteneP
 rumueS awiJ isnarusA adaP ycneiciffuS muimerP edoteM nagned imerP
.efiL tnioJ pudiH ” akitametaM lanruJ   .6102 sutsugA ,3 .oN 5 .loV
3032:NSSI - .6102 ,1571  
 .anaikseR “ .sionillI edoteM nanuhaT awiJ isnarusA imerP nagnadaC nautneneP ” 
 satisrevinU igolonkeT nad sniaS satlukaF akitametaM nasuruj 1S ispirkS
 .niddualA iregeN malsI rassakaM  . .8102  
 .AM .sabbA  ,milaS “ okiseR nemejanaM nad isnarusA  odnifarG ajaR TP ”.
 .3991 .atrakaJ ,adasreP  
 .K .R ,gniribmeS “ .I isnarusA kokoP iretaM ukuB ”  ,akubreT satisrevinU :atrakaJ
dubkidpeD . .6891  
 .T M ,rageriS “  edoteM nagned rovivruS tsaL anugiwD isnarusA nagnadaC
eiciffuS muimerP .ycn ” S  APIMF akitametaM nasuruj 1S ispirk
uaiR satisrevinU  . P urabnake . .4102  
)1( NARIPMAL  
9991 )IMT( AISENODNI ATILATROM LEBAT  
AIRP  
 
𝒙 𝒍𝒙 𝒅𝒙 𝒑𝒙 𝒒𝒙 
0 000001  123  97699.0  12300.0  
1 97699  28  81999.0  28000.0  
2 79599  57  52999.0  57000.0  
3 22599  57  52999.0  57000.0  
4 74499  37  72999.0  37000.0  
5 47399  86  23999.0  86000.0  
6 60399  66  43999.0  66000.0  
7 04299  16  93999.0  16000.0  
8 97199  85  24999.0  85000.0  
9 12199  65  44999.0  65000.0  
01  56099  65  34999.0  76000.0  
11  90099  85  14999.0  95000.0  
21  15989  56  43999.0  66000.0  
31  68889  57  42999.0  67000.0  
41  11889  78  21999.0  88000.0  
51  42789  001  99899.0  10100.0  
61  42689  511  38899.0  71100.0  
71  90589  621  27899.0  82100.0  
81  38389  531  36899.0  73100.0  
91  84289  041  85899.0  24100.0  
02  80189  341  45899.0  64100.0  
12  56979  441  35899.0  74100.0  
22  12879  241  55899.0  54100.0  
32  97679  041  75899.0  34100.0  
42  93579  531  26899.0  83100.0  
52  40479  431  26899.0  83100.0  
62  07279  231  46899.0  63100.0  
72  83179  131  56899.0  53100.0  
82  70079  231  46899.0  63100.0  
92  57869  331  36899.0  73100.0  
03  24769  331  36899.0  73100.0  
13  90669  431  16899.0  93100.0  
23  57469  731  85899.0  24100.0  
33  83369  141  45899.0  64100.0  
43  79169  051  44899.0  65100.0  
53  74069  751  73899.0  36100.0  
63  09859  861  52899.0  57100.0  
73  22759  081  21899.0  88100.0  
83  24559  291  99799.0  10200.0  
93  05359  402  68799.0  41200.0  
04  64159  612  37799.0  72200.0  
14  03949  032  85799.0  24200.0  
24  00749  542  14799.0  95200.0  
34  55449  462  12799.0  97200.0  
44  19149  882  49699.0  60300.0  
54  30939  713  26699.0  83300.0  
64  68539  553  12699.0  97300.0  
74  13239  004  17599.0  92400.0  
84  13829  054  51599.0  58400.0  
94  18329  405  45499.0  64500.0  
05  77819  065  9399.0  1600.0  
15  71319  316  92399.0  17600.0  
25  40709  366  96299.0  13700.0  
35  14009  607  61299.0  48700.0  
45  53398  157  95199.0  14800.0  
55  48588  408  29099.0  80900.0  
65  08778  278  70099.0  39900.0  
75  80968  659  989.0  110.0  
85  25958  6501  17789.0  92210.0  
95  69848  2611  13689.0  96310.0  
06  43738  1621  49489.0  60510.0  
16  37428  5631  54389.0  55610.0  
26  80118  5741  18189.0  91810.0  
36  33697  2951  10089.0  99910.0  
46  14087  4171  40879.0  69120.0  
56  72367  4481  48579.0  61420.0  
66  38447  6791  74379.0  35620.0  
76  70527  3112  68079.0  4192.0  
86  49307  5522  79769.0  30230.0  
96  93186  7932  28469.0  81530.0  
07  24756  0452  63169.0  46830.0  
17  20236  1862  85759.0  24240.0  
27  12506  8182  44359.0  6564.0  
37  30775  0592  88849.0  21150.0  
47  35745  1703  19349.0  90650.0  
57  28615  1813  54839.0  55160.0  
67  10584  3123  57339.0  52660.0  
77  88254  7043  77429.0  32570.0  
87  18814  7933  98819.0  11180.0  
97  48483  0243  31119.0  78880.0  
08  46053  3143  66209.0  43790.0  
18  15613  2733  64398.0  45601.0  
28  97282  7923  14388.0  95611.0  
38  28942  5813  15278.0  94721.0  
48  79712  7303  76068.0  33931.0  
58  06781  5582  18748.0  91251.0  
68  50951  2462  98338.0  11661.0  
78  36231  3042  28818.0  81181.0  
88  06801  3412  76208.0  33791.0  
98  7178  3781  31587.0  78412.0  
09  4486  0061  22667.0  87332.0  
19  4425  1331  91647.0  18352.0  
29  3193  8701  15427.0  94572.0  
39  5382  648  95107.0  14892.0  
49  9891  346  27676.0  82323.0  
59  6431  074  28056.0  81943.0  
69  678  923  34426.0  75573.0  
79  745  222  51495.0  58504.0  
89  523  141  51665.0  58334.0  
99  481  68  16235.0  93764.0  













9991 )IMT( AISENODNI ATILATROM LEBAT  
ATINAW  
 
𝒙 𝒍𝒙 𝒅𝒙 𝒑𝒙 𝒒𝒙 
0 000001  042  06799.0  4200.0  
1 06799  27  82999.0  27000.0  
2 88699  76  33999.0  76000.0  
3 12699  46  63999.0  46000.0  
4 75599  46  63999.0  46000.0  
5 39499  36  73999.0  36000.0  
6 03499  06  04999.0  6000.0  
7 07399  06  04999.0  6000.0  
8 01399  85  24999.0  85000.0  
9 25299  65  44999.0  65000.0  
01  69199  65  44999.0  65000.0  
11  04199  65  44999.0  65000.0  
21  48099  06  93999.0  16000.0  
31  42099  16  83999.0  26000.0  
41  36989  56  43999.0  66000.0  
51  89889  07  92999.0  17000.0  
61  82889  47  52999.0  57000.0  
71  45789  87  12999.0  97000.0  
81  67689  08  91999.0  18000.0  
91  69589  48  51999.0  58000.0  
02  21589  58  41999.0  68000.0  
12  72489  88  11999.0  98000.0  
22  93389  88  11999.0  98000.0  
32  15289  19  70999.0  39000.0  
42  06189  49  40999.0  69000.0  
52  66089  89  00999.0  100.0  
62  89679  001  89899.0  20100.0  
72  86879  201  69899.0  40100.0  
82  66779  101  79899.0  30100.0  
92  56679  201  69899.0  40100.0  
03  36579  101  69899.0  40100.0  
13  26479  401  39899.0  70100.0  
23  85379  601  19899.0  90100.0  
33  25279  901  88899.0  21100.0  
43  34179  211  58899.0  51100.0  
53  13079  611  08899.0  2100.0  
63  51969  121  57899.0  52100.0  
73  49769  721  96899.0  13100.0  
83  76669  431  16899.0  93100.0  
93  33569  641  94899.0  15100.0  
04  78369  851  63899.0  46100.0  
14  92269  371  02899.0  8100.0  
24  65069  981  30899.0  79100.0  
34  76859  402  78799.0  31200.0  
44  36659  912  17799.0  92200.0  
54  44459  432  55799.0  54200.0  
64  01259  052  73799.0  36200.0  
74  06949  172  51799.0  58200.0  
84  98649  692  78699.0  31300.0  
94  39349  523  65699.0  44300.0  
05  86049  653  22699.0  87300.0  
15  21739  693  77599.0  32400.0  
25  61339  044  82599.0  27300.0  
35  67829  884  57499.0  52500.0  
45  88329  335  32499.0  77500.0  
55  55819  575  47399.0  62600.0  
65  08219  516  62399.0  47600.0  
75  56609  856  47299.0  62700.0  
85  70009  707  51299.0  58700.0  
95  00398  277  53199.0  56800.0  
06  82588  358  63099.0  46900.0  
16  57678  749  02989.0  8010.0  
26  82768  0301  21889.0  88110.0  
36  89658  0211  39689.0  70310.0  
46  87248  7121  16589.0  93410.0  
56  16338  1221  51489.0  58510.0  
66  04028  1341  65289.0  44710.0  
76  90608  7451  18089.0  91910.0  
86  26097  2361  98799.0  51120.0  
96  09377  1081  37679.0  72320.0  
07  98557  8391  63479.0  46520.0  
17  15637  9702  77179.0  32820.0  
27  27517  6222  09869.0  1130.0  
37  64396  3732  87569.0  22430.0  
47  37966  4252  13259.0  96730.0  
57  94446  4762  15859.0  94140.0  
67  57716  1282  33459.0  76540.0  
77  65985  2692  67949.0  42050.0  
87  29955  6903  17449.0  92550.0  
97  69825  8123  61939.0  48060.0  
08  87694  3233  11339.0  98660.0  
18  55364  0143  44629.0  65370.0  
28  54924  2743  51919.0  58080.0  
38  37493  7053  51119.0  58880.0  
48  66953  9053  44209.0  65790.0  
58  75423  6743  09298.0  01701.0  
68  18982  6043  74288.0  35711.0  
78  57552  6923  21178.0  88821.0  
88  97222  7413  57858.0  52141.0  
98  23191  9592  43548.0  66451.0  
09  37161  8372  17038.0  92961.0  
19  53431  7842  98418.0  11581.0  
29  84901  4122  77797.0  32202.0  
39  4378  8291  52977.0  57022.0  
49  6086  7361  84957.0  25042.0  
59  9615  4531  50837.0  59162.0  
69  5183  7801  70517.0  39482.0  
79  8272  448  26096.0  83903.0  
89  4881  236  45466.0  64533.0  
99  2521  454  83736.0  26263.0  
001  897  313  77706.0  .0 32293  
101  584  502  23775.0  86224.0  
201  082  721  34645.0  75354.0  












)2( NARIPMAL  
)AIRP( ISATUMOK LEBAT  
 
 
𝑖 � %3  
𝒙 𝑫𝒙 𝑵𝒙 𝑪𝒙 𝑴𝒙 
0 000001  155.8969991  295582417.503  696852.6774  
1 19083.23949  155.8969981  471714673.47  14445.0744  
2 98414.73309  71.6674081  218918787.46  399761.6934  
3 83548.07958  657.8244171  115586207.16  371083.1334  
4 88292.51818  19.7548261  830014791.75  884776.9624  
5 11921.26877  716.2466451  058646247.05  870084.2124  
6 666.30147  884.0878641  756769409.64  134737.1614  
7 510.82507  228.6764931  259002782.14  364238.4114  
8 78052.82176  708.8414231  600713783.73  262545.3704  
9 51082.49836  655.0207521  160241973.43  549751.6304  
01  22613.71806  672.6213911  540040247.23  308877.1004  
11  84115.88875  69.8032311  990075692.23  367630.9693  
21  1916.99055  844.0244701  316788074.43  391047.6393  
31  18653.14425  928.0239101  362690088.73  603962.2093  
41  22962.60994  6274.978669  382784848.14  902983.4683  
51  17139.78474  3302.379619  609151118.54  227045.2283  
61  64097.08154  6172.584968  437811471.05  75927.6773  
71  11051.97924  2184.403428  631206553.25  154555.6273  
81  92861.08804  1133.523187  197380424.35  948991.4763  
91  15960.08883  8261.544047  081725467.25  567577.0263  
02  90378.57963  3390.565107  217757823.15  832110.8653  
12  64887.36153  2022.985466  300183622.94  184286.6153  
22  59590.04433  7134.524926  899421132.64  1654.7643  
32  92974.10813  8533.589595  320705904.34  579422.1243  
42  16317.34203  5658.381465  187378568.93  764518.7733  
52  98076.36782  9241.049335  190852686.73  495949.7333  
62  682.65372  274.671505  627779553.53  633362.0033  
72  37942.81062  681.028774  190662714.33  853709.4623  
82  81868.54742  3639.108154  210419860.23  290094.1323  
92  85424.53532  1860.650724  203002377.03  871124.9913  
03  78619.38322  5346.025304  008908703.92  779746.8613  
13  52807.88212  6627.631183  269560221.82  861043.9313  
23  61838.64202  4810.848953  465735283.72  201812.1113  
33  74023.55291  2081.106933  183620048.62  465538.3803  
43  14065.11381  8958.543023  224245391.72  835599.6503  
53  97783.21471  3992.430203  507312701.72  599108.9203  
63  52911.65561  6119.126482  139581526.72  287496.2003  
73  34701.04751  3297.560862  422569881.82  695960.5792  
83  35983.26941  9486.523252  501904636.82  136088.6492  
93  83852.12241  3592.363732  627813779.82  122442.8192  
04  72870.51531  730.241322  495528022.92  309662.9882  
14  92282.24821  7859.626902  363211336.92  770640.0682  
24  29111.10221  4676.487691  847775260.03  569214.0382  
34  440.09511  5465.385481  927193158.03  783053.0082  
44  57582.70011  5025.399271  199393350.23  599894.9672  
54  98570.15401  7432.689161  704549006.33  106544.7372  
64  956408.9199  9851.535151  154079638.53  656448.3072  
74  430695.1149  2453.516141  658248654.83  586700.8662  
84  849769.4298  2857.302231  781067302.14  348055.9262  
94  117567.8548  2097.872321  515776059.34  280743.8852  
05  366610.2108  5420.028411  634356805.64  504693.4452  
15  304389.3857  8700.808601  251260684.84  157788.7942  
25  172553.4717  34420.42299  558496349.94  986104.9442  
35  906577.2876  61966.94029  236063056.05  499754.9932  
45  139531.9046  55398.66258  596621313.15  436708.8432  
55  258526.2506  26757.75887  258005813.25  705494.7922  
65  170780.2175  77131.50827  876973140.45  600671.5422  
75  345140.6835  7440.39076  463509524.65  726431.1912  
85  664731.3705  61300.70716  923781063.95  127807.4312  
95  303991.2774  96568.33665  001772802.26  435843.5702  
06  834347.2844  93666.16815  041316392.46  752041.3102  
16  58589.4024  59229.87374  673570282.66  446648.8491  
26  153664.8393  1739.37134  827548212.86  865465.2881  
36  784707.2863  57074.53293  343047711.07  227153.4181  
46  227222.7343  62367.25553  771172698.17  289332.4471  
56  771946.1023  45045.51123  322310666.37  117733.2761  
66  876325.5792  63198.31982  307172081.57  896176.8951  
76  208156.8572  86763.83952  517644465.67  624194.3251  
86  389227.0552  88517.97132  001668818.77  979629.6441  
96  611144.1532  9299.82602  344102087.87  311801.9631  
07  725786.0612  87155.77281  331228405.97  219723.0921  
17  228292.8791  52468.61161  942071229.97  90328.0121  
27  132661.4081  34175.83141  757329500.08  919009.0311  
37  926742.8361  2504.43321  349572567.97  699498.0501  
47  165074.0841  75751.69601  121168280.97  7917921.179  
57  101988.0331  210786.5129  809687410.87  6858640.298  
67  246894.9811  119797.4887  798232740.57  7170230.418  
77  616808.7501  962992.5966  854701987.57  8838489.837  
87  3966746.139  356094.7365  370442869.17  3137591.366  
97  2052513.518  489248.5074  432552500.96  3784722.195  
08  9854584.707  437725.0983  405777485.56  232222.225  
18  4798012.806  572240.3813  372743117.16  5454736.654  
28  2621735.715  773138.4752  134984564.75  2701629.493  
38  5110724.534  152492.7502  120778968.25  8716064.733  
48  7415228.163  42768.1261  489305210.84  8047095.482  
58  1763085.692  527440.0621  899439589.24  8632875.632  
68  3755174.932  853464.369  395396488.73  8103295.391  
78  1654381.091  7008299.327  580047618.23  2806707.551  
88  9063013.841  5443908.335  360114278.72  1868098.221  
98  7155573.311  6389894.583  120786002.32  70754810.59  
09  18820677.48  9134321.272  651592578.81  50077718.17  
19  78977368.16  1304743.781  782771459.41  98474249.25  
29  82807369.34  2326384.521  685209435.11  6792889.73  
39  67592533.03  59419915.18  110963126.8  20593354.62  
49  58883962.02  91916481.15  512716042.6  10620238.71  
59  36265360.31  43032519.03  042353443.4  97804195.11  
69  579431790.8  17766158.71  294532698.2  355550742.7  
79  426123518.4  837235457.9  678632168.1  160028053.4  
89  617387427.2  511112939.4  007448521.1  481385984.2  
99  904781964.1  993724412.2  411689356.0  584837363.1  












ATINAW ISATUMOK LEBAT  
  
 
𝑖 � %3  
𝒙 𝑫𝒙 𝑵𝒙 𝑪𝒙 𝑴𝒙 
0 000001  30.2087102  5824175.822  550075.4093  
1 77325.90059  30.2087191  4221603.56  626899.5763  
2 85459.91409  705.2972281  30911778.75  405296.0163  
3 3563.65068  255.2732371  3859256.25  583518.2553  
4 51097.50918  781.6136461  55476541.05  724261.0053  
5 27863.55977  793.0144651  88965110.74  257610.0543  
6 17691.69147  820.5546841  96978046.24  281500.3043  
7 85304.02607  138.8522141  95163016.04  203463.0633  
8 38619.61276  824.8361431  10713783.73  149357.9133  
9 29327.87936  115.1244721  60241973.43  426663.2823  
01  58837.79806  787.2440121  40040247.23  284789.7423  
11  64401.56975  840.5459411  72598281.13  244542.5123  
21  84876.37155  349.9751901  78082918.13  645260.4813  
31  51145.41525  562.6046301  69441908.03  662342.2513  
41  55930.38994  8327.198389  91111662.13  121434.1213  
51  86826.17574  3486.809339  33608760.23  900861.0903  
61  12542.47254  6550.733688  66459582.23  302001.8503  
71  8240.68034  4018.260148  58016014.23  842418.5203  
81  48519.10014  6767.679797  23617856.13  836304.3992  
91  39487.71093  8158.479657  13617856.13  129447.1692  
02  44631.82173  8660.759717  47001015.03  502680.0392  
12  38916.92353  4039.828086  93887280.03  401675.9982  
22  81471.71633  6013.994546  56472056.82  613394.9682  
32  70607.78913  4631.288116  65971612.82  140348.0482  
42  87562.63403  3034.498975  62064857.72  268626.2182  
52  23161.95982  5461.854945  47195165.72  104868.4872  
62  40756.67472  2300.994025  16138487.62  18603.7572  
72  977.31262  2643.220394  7055910.62  879125.0372  
82  52484.93942  2765.808664  51875735.42  724205.4072  
92  71253.72732  9280.968144  84994006.32  948469.9762  
03  57778.37522  8037.141814  96603652.22  53463.6562  
13  88476.67412  358.765593  50180628.12  340801.4362  
23  89941.23402  1871.190473  29884681.12  269182.2162  
33  69300.83491  1820.956353  88276847.02  374590.1952  
43  50636.19481  2420.122433  86115403.02  8643.0752  
53  34777.09571  1883.927513  18952820.02  982240.0552  
63  1390.33761  7016.831892  3117698.91  920410.0352  
73  24283.61951  6715.504182  20188888.91  713711.0152  
83  65075.83151  2531.984562  91728589.91  634822.0942  
93  24007.79341  6465.053052  82966837.02  906242.0742  
04  69653.19631  2468.259532  8294473.12  49305.9442  
14  80310.81031  2705.162222  80452982.22  744921.8242  
24  44818.57321  2494.342902  14131191.32  391048.5042  
34  26203.36711  7576.768691  97117938.32  260946.2832  
44  36503.97111  1373.401581  10539373.42  53908.8532  
54  18385.22601  5760.529371  35122308.42  514534.4332  
64  62349.19001  7384.203361  31303732.52  391236.9032  
74  322731.6859  4045.012351  40115450.62  98493.4822  
84  389995.3019  2304.426341  18719201.72  973043.8522  
94  103299.2468  2308.025431  7012143.82  164732.1322  
05  520080.3028  9018.778521  4512665.92  152698.2022  
15  849098.2877  9037.476711  43451223.13  530033.3712  
25  639459.0837  9938.198901  68631541.33  188700.2412  
35  257533.6996  588.015201  85744010.53  447268.8012  
45  654661.8266  42945.41559  14179714.63  692258.3702  
55  805121.6726  87283.68888  3838614.73  523434.7302  
65  837148.9395  72162.01628  54640411.83  784710.0002  
75  380878.8165  45914.07667  21770738.83  44309.1691  
85  183574.2135  54145.15017  21590247.93  363660.3291  
95  662857.9105  70660.93756  43324923.14  862423.3881  
06  237293.9374  18703.91706  17832194.34  548499.1481  
16  421612.0744  70519.97955  42707489.54  606305.8971  
26  89363.1124  59896.90515  20773336.74  998815.2571  
36  64981.3693  79433.89274  65360923.94  225588.4071  
46  549329.1173  15541.53334  23968840.15  854655.5561  
56  637007.6943  65122.32693  98667777.84  985705.4061  
66  605814.7723  38025.62163  72228444.45  228927.5551  
76  431609.6603  23201.94823  27564550.65  582.1051  
86  815708.4682  91691.28792  81364913.65  435922.5441  
96  962886.0762  76883.71962  21669191.95  170019.8831  
07  76023.4842  4007.64242  72355166.06  501817.9231  
17  231853.5032  37973.26712  19991679.16  155650.9621  
27  279206.3312  6120.75491  47334891.36  253080.7021  
37  693408.8691  36814.32371  57827361.46  819188.3411  
47  770888.0181  32416.45351  8987699.46  981817.9701  
57  25856.9561  51627.34531  74094085.56  993127.4101  
67  176640.5151  36760.48811  84341198.56  8809041.949  
77  261750.7731  69020.96301  2130098.56  3567942.388  
87  94845.5421  997369.1998  50113195.56  1437953.718  
97  543546.0211  903514.6477  42605929.46  324867.157  
08  577153.2001  369967.5266  94223558.36  8619838.686  
18  9414567.098  981814.3265  5987604.26  3495389.226  
28  4422149.587  477256.2374  46476515.06  8408675.065  
38  9677999.786  945117.6493  94369412.85  1031160.005  
48  919220.795  377117.8523  27044474.55  7661648.144  
58  2518811.315  458886.1662  74049533.25  9527173.683  
68  2546843.634  830075.8412  48499938.84  5587530.433  
78  3341037.663  393122.2171  89750210.54  6097591.582  
88  547452.403  52194.5431  71496039.04  6237381.042  
98  6927538.842  505632.1401  49378256.63  5830352.991  
09  1535333.002  2577004.297  48843003.23  5461006.261  
19  494394.851  1042760.295  871249.72  7518992.031  
29  7600400.321  1647375.334  54124096.32  7736753.201  
39  65152654.39  4937965.013  94357746.91  42612766.87  
49  43002853.96  8784311.712  4458788.51  57264910.95  
59  74475761.05  5782557.741  56434515.21  43806131.34  
69  86702362.53  10317785.79  512120965.9  96371616.03  
79  90689410.42  33505423.26  117350670.7  74251740.12  
89  6163597.51  52915903.83  363933640.5  67890179.31  
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001  677283860.6  94592715.21  561268662.2  180123274.5  
101  55215.3  717219844.6  547689314.1  619854502.3  
201  869892139.1  717263639.2  206862438.0  171274197.1  
301  847360500.1  847360500.1  75302759.0  75302759.0  
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